From the beginning of its use in neonatology, ultrasound is used more frequently and for many indications. Number of indications is increasing from year to year, while the training opportunities and curricula are not following the same trend. Nowadays ultrasound has been used for determination of functional hemodynamics in critically sick neonates which increases educational burden on the young neonatologists. This only applies to the developed countries where neonatology is well developed, while in low income so called developing countries some basic health problems of neonates have not been solved and there is substantial lack of health care professionals and equipment as well.
In many low income countries newborn babies face difficult odds in living past the first month of life. About 3.8 million deaths occur every year in babies younger than 28 days-of which 99% are in the developing world-and deaths in the first month of life account for 42% of deaths in children younger than 5 years. [1] [2] [3] [4] [5] Few countries have reliable national preterm birth prevalence data. Globally, an estimated 13 million babies are born before 37 completed weeks of gestation annually. Rates are generally highest in low-and middle-income countries, and increasing in some middle-and high-income countries, particularly the Americas. 6 Preterm birth is the leading direct cause of neonatal death (27%); more than 1 million preterm newborns die annually. Preterm birth is also the dominant risk factor for neonatal mortality, particularly for deaths due to infections. Important critical issue is the value put on a baby's life-a newborn baby remains the most vulnerable human and a preterm newborn is even more vulnerable. Data alone will not result in change until society and leaders recognize that these deaths are a loss that can and must count and be prevented. 6, 7 Compared to the year 2000, in the year 2010 more attention has been paid to survival of newborns, which is shown in the Table 1 . 6, 8 In the year 2000 there was a lack of data on neonatal health issues, and timely interventions were too complex. In the year 2010 the data are clear and the solutions are doable. 7 A recent data on 250,000 disbursements of aid from 2002 to 2010 showed that, before the year 2005, the word 'newborn' barely occurred. 7 While mention of newborns has since increased, only 0.01% of about 6 billion US dollars in aid refers to newborn care interventions that would reduce infant mortality. 7 It seems that before the deadline for the Millennium Development Goals, global and national leaders are waking up to the urgency and the opportunity of investing in newborns. 7 If newborns survive, their families are more likely to choose to have fewer children. 7 If they are healthy, the nation becomes stronger.
Meeting goals for preventable child deaths is more and more dependent on targeting newborns. 7 Less than 5% of the world's births occur in countries with complete vital registration or networks of representative, facility-based data. One-third of the world's births occur at home. 6 Therefore, global-level data rely heavily on household surveys and modeled estimates. 6 While in the high-income countries many health issues of even extremely immature preterm babies have been successfully solved, in low income countries term babies are at great risk for survival because of unavailability of health care including coverage of basic health care needs.
In such circumstances the situation of neonatal health is quite different in low-, middle-and high-income countries which should be taken under consideration when discussing different educational, health care and other needs. Therefore in this paper the training in neonatal ultrasound will be discussed only from the point of view of developed, highincome countries where expensive ultrasound equipment for neonatal assessment is available. Besides the unavailability of the equipment in low-income countries, there is also lack of health care professionals who could use the equipment in order to increase the survival of newborns in whom its' usage is indicated. There are much more basic health care needs in low-income countries which should be solved before introduction of that kind of sophisticated assessment.
Some Important Historical Facts about Neonatal Ultrasound
At the beginning of 1980s, opened anterior fontanelle has been used as an acoustic window for brain assessment of small premature and critically sick newborns. [9] [10] [11] [12] [13] This was a substantial step forward in neonatal neuroimaging diagnostics.
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In comparison with radiological X-ray imaging techniques or magnetic resonance, ultrasonography was more convenient, because of unlimited examination frequency of critically sick newborns in the isolettes, and less costly, without the need for sedation and transportation of infants. 10 Introduction of Doppler studies was a new advancement in the assessment of circulation in neonates in the late 1980s. 14, 15 This technique enabled functional follow-up of the brain, heart, liver, kidney and other organs. 15 In the 1990s, a new exciting technique of 3D and 4D ultrasonography was developed, depicting neonatal organs in the third-dimension and in real-time. [16] [17] [18] [19] [20] Brain ultrasound became the most widely used technique for evaluation of brain morphology and cerebral lesions in neonates. 10, 15 It can confirm prenatal diagnosis and identify not only the presence of lesions but also their type and extent. 21 The use of ultrasound in cardiology made substantial improvement in the diagnostics of congenital heart defects as well as the follow-up of the critically sick newborns. Ultrasound became widely used and accepted diagnostic technique in neonatology used not only by radiologists and ultrasonographers but also as the point of care technique used by neonatologists in neonatal intensive care settings. Because health is understood as a physical, mental and social well-being which goes much further than just the absence of acute suffering or disease, ultrasonographic screening and diagnostic activities in neonatology should be highly prophylactic regarding morphological and functional handicap of newborn child.
Ultrasound in the Hands of Acute Care Neonatologists
In his paper published in the year 2000, Evans concluded that ultrasound in neonatology is moving beyond its traditional boundaries and becoming part of the acute care doctors' diagnostic repertoire. This trend needs to be recognized in the specialty training and the ultrasound accreditation processes. 22 Ultrasound can be used by neonatologists in the neonatal intensive care unit and well care nursery, but sometimes it can be performed by radiologists or other specialist in order to make or confirm the diagnosis of diseases and conditions in neonates. The use of ultrasound by neonatologists and other specialists is shown in the Table 2. 23
Point of Care Neonatal Ultrasound
Neonatal cranial ultrasound has been applied for many years as the most often used point of care diagnostic imaging technique in neonatology. It has improved diagnosis cerebral condition in normal, critically sick and malformed neonates and has been useful as screening and unavoidable diagnostic imaging tool. 24, 25 It has been used for many years in many countries all over the world. Although there some international guidelines on neonatal cerebral ultrasound that have been published, 26 lack of internationally standardized approach to the application of this kind of examination in neonates was pointed out for many years as well as the lack of the appropriate curriculum for the education of neonatologists. The example of the curriculum for advanced head ultrasound performed by clinicians is presented in the Appendix 1. It is very important to point out that whenever performed it should be mentioned whether is it performed by clinician or other imaging specialist. This applies to all ultrasound findings in neonatology.
The role of echocardiography in the neonatal intensive care unit (NICU) has changed over the past few years. 27 Previously, nearly all echocardiographic studies in the NICU were performed by pediatric cardiologists to diagnose or monitor congenital heart disease (CHD) and to screen for patent ductus arteriosus (PDA). 27 The initial echocardiographic examination should always be a comprehensive study of both anatomy and function that is to be interpreted by a pediatric cardiologist within a reasonable time frame. Some structural defects, such as anomalous pulmonary venous return or coarctation of the aorta, can be difficult to detect using echocardiography and require extensive training and continued practice. 27 Once significant congenital defects have been ruled out, more focused studies can be performed and interpreted by a trained echocardiographer for specific indications. More recently, neonatologists have become interested in the echocardiographic assessment of hemodynamic instability in infants. 27 The terms functional echocardiography, pointof-care echocardiography and targeted neonatal echocardiography have been introduced to describe the use of echocardiography as an adjunct in the clinical assessment of the hemodynamic status in neonates. 27 The increasing availability of echocardiography, with miniaturization of the technology, has resulted in more widespread use of echocardiography in NICUs around the world. 27 Summary of training requirements for echocardiography in neonates are presented in the Table 3. 27 Such training is missing in 55% of European NICUs, although in more than 74% of NICUs functional neonatal echocardiography has been used for many indications.
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Training of Ultrasound in Neonatology: Global or Local? On completing this unit, delegates should be able to:
• Demonstrate an understanding of the common conventions of neonatal scanning including image optimization.
• Competently record a series of images to clearly demonstrate normal anatomy.
• Demonstrate proficiency in assessing and interpreting normal and abnormal neonatal cardiac hemodynamics.
• Understand limitations to the accuracy of hemodynamic measurements.
• Recognize common patterns of CHD.
• Recognize common abnormalities found on cerebral ultrasound.
• Use ultrasound to locate intravascular lines.
• Recognize abnormal fluid collections in pleural and peritoneal space and common renal and hepatic abnormalities.
• Recognize when an examination is incomplete and needs to be repeated.
Demonstrate competency in:
• Interpreting heart ultrasound findings to determine the significance of ductal shunting.
Cranial ultrasound
• Using coronal and sagittal cranial ultrasound windows via anterior fontanelle to demonstrate normal anatomical structures.
• Recognizing intracranial bleeding with competent assessment of subependymal, intraventricular and parenchymal bleeding.
• Recognizing common structural abnormalities of cerebral development.
• Performing and interpreting Doppler studies of the anterior and middle cerebral artery.
• Interpreting cranial ultrasound findings in relation to the clinical scenario.
I. Neonatal cranial ultrasound i. Anatomy
Normal cranial anatomy of the brain will be presented, including:
• Ventricular structure • Anatomy of major sulcal patterns • Thalamus • Caudate nucleus • Corpus callosum • Cerebellum ii. Skills
Courses will teach learners the following imaging skills:
• Obtaining coronal and sagittal cranial ultrasound windows via anterior fontanelle to demonstrate normal anatomical structures.
• Performing and interpreting Doppler studies of the anterior and middle cerebral artery. iii. Recording
Courses will teach learners the common conventions of cranial scanning and how to competently record a series of images to clearly demonstrate normal cranial anatomy or any abnormality. iv. Limitations All scans should be reviewed by a competent scanner (or pediatric radiologist). There is a need to recognize when referral is mandatory because of an incomplete scan or a possible anatomical or functional abnormality. Important management decisions should not be made without such experienced review. v. Interpretation
Courses will teach learners to interpret the cranial ultrasound findings in relation to the clinical scenario. Important topics covered will include:
• Grading common patterns of peri/intraventricular hemorrhage.
• Recognizing the common parenchymal and Doppler changes seen in the asphyxiated infant.
II. Neonatal cardiac ultrasound
i. Anatomy Normal anatomical structure of the heart as it relates to the standard echocardiographic windows will be presented, including:
• Surface anatomy of the heart and great vessels • The three-dimensional structure of the heart • Derivation of the two-dimensional images obtained using heart ultrasound • Anatomy of the inflow tracts • Anatomy of the great vessels (outflow tracts)
• Anatomy of the heart valves • Anatomy of the cardiac chambers Contd... Courses will teach learners the common conventions of cardiac scanning and how to competently record a series of images to clearly demonstrate normal cardiac anatomy. iv. Limitations
Advanced CPNU courses will discuss:
• Understanding limitations to the accuracy of hemodynamic measurements.
• Recognizing when an examination is incomplete and needs to be repeated. During the introductory stage, all scans should be reviewed by a competent scanner (or pediatric cardiologist). There is a need to recognize when to refer because of an incomplete scan or a possible anatomical or functional abnormality. Important management decisions should not be made without such experienced review. v. Interpretation
Courses will teach learners the skills needed to competently interpret the heart ultrasound findings in relation to the following criteria to determine the significance of ductal shunting:
• 
III. Neonatal abdominal ultrasound i. Anatomy
Normal abdominal anatomy will be presented, including:
• Anatomy and relationships of major organs • Anatomy and relationships of inferior vena cava (IVC) and abdominal aorta ii. Skills Courses will teach learners the following imaging skills:
• IVC and abdominal aorta including umbilical catheter and percutaneous intravenous catheter tip location • Ascites/pleural effusions • Locating and identifying the kidneys • Locating the bladder, and assessing relative volume. iii. Recording
Courses will teach learners the common conventions of abdominal scanning and how to competently record a series of images to clearly demonstrate normal abdominal anatomy. iv. Limitations
All scans should be reviewed by a competent scanner (or pediatric radiologist). There is a need to recognize when referral is mandatory because of an incomplete scan or a possible anatomical or functional abnormality. Important management decisions should not be made without such experienced review. v. Interpretation
Courses will teach learners the skills needed to competently interpret the ultrasound findings in relation to the clinical scenario, including:
• Recognizing and localizing fluid in the pleural, peritoneal and pericardial spaces.
• Recognizing common renal abnormalities, such as pelvic dilatation, hydronephrosis and large or small kidneys.
• Recognizing and assessing volume of bladder contents.
• Assessing for intravenous catheter tip position, particularly to exclude an intracardiac tip position.
Contd...
Contd...
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Limitations and Pitfalls Standards and appropriate use of Neonatal Clinician Performed Ultrasound
It is expected that the CCPU in neonatal ultrasound is to be used for provision of ultrasound at the point of care in a neonatal intensive care unit to enhance the clinical care of the infant and not to raise revenue.
Limitations of Use
Holders of the CCPU in neonatal ultrasound are expected to consult and request appropriate advice by a pediatric cardiologist or radiologist under the following circumstances:
By a Pediatric Cardiologist
• If the primary clinical concern is the possibility of CHD.
• If specific treatment is being instituted for CHD based on a clinician performed ultrasound (CPU).
• If transfer to a pediatric cardiology unit is being planned based on a CPU.
• If the clinical findings or course are 'NOT' consistent with the CPU findings.
• If the baby is no longer in an Neonatal Intensive Care Unit setting, e.g. after discharge.
By a Radiologist
• For documentation and confirmation of abnormal cranial ultrasound results.
• For provision of routine cranial ultrasound services if this already exists. Performance of a CPU is not expected to be equivalent to a study performed by an imaging consultant and as such should not be relied upon to exclude significant pathology.
Documentation
It is recommended that documentation of CPU studies specifically mention that ultrasound scans are clinician performed to distinguish them from studies by a consultative diagnostic imaging specialist. So, document 'clinician performed cardiac ultrasound' or 'clinician performed cerebral ultrasound' and avoid terms, such as 'echocardiogram'.
Standards for CCPU in Neonatal Ultrasound Teaching Institutions and Courses Recognized Institutions
Recognized institutions for training in the CCPU (neonatal ultrasound) should have the following:
• Be associated with a neonatal intensive care unit • Close affiliation with a radiology and pediatric cardiology service • At least one clinician whose qualification is recognized by the ASUM council as a qualification for training • Access to a level of ultrasound equipment to allow appropriate quality accuracy and repeatability of scanning. Equipment should be no older than 10 years.
Assessment and Logbook
• Documentation to show attendance and completion of 'advanced CPNU' CCPU course.
• Submission of a minimum of five ultrasound scans: four cardiac and one cerebral, in digital format (DICOM or .avi) on USB stick or CD for review by the examiner. These scans should include all the views as defined in the 'CCPU Neonatal Outline of Level 2 (advanced) cardiac scan,' and available on the ASUM website, www.ASUM.com.au.
• Completion of logbook to satisfy requirements as set out below.
Logbook Requirements
• The logbook requirements should be completed and submitted within 2 years of finishing an ASUM accredited 'advanced CPNU' CCPU course.
• The advanced logbook may be recorded in continuity with the 'Introduction' logbook.
• Complete 25 cardiac ultrasounds 25 cerebral ultrasounds and 10 abdominal scans to show the ability to perform advanced cerebral, functional cardiac and basic abdominal scanning. All scans should be clinically indicated.
• At least half of these studies should demonstrate some pathology.
• These studies should be stored digitally for review, if required.
• These studies should all be signed off by an ASUM approved supervisor, which includes a recertified neonatal CCPU, anyone on the neonatal supervisor register, DDU, DMU, AMS or other recognized ultrasound qualification or specialist radiologist or cardiologist.
The documentation in the logbook must include: • Date of study and initials of patient • Brief summary of findings • Signature of supervisor • A summary of the number of each type of scan performed demonstrating compliance with requirements for logbook (absolute, at least half with pathology). Documentation to be presented with the logbook and the scans in digital format demonstrating completion of these requirements must also include:
• Evidence of satisfactory completion of training sessions within a recognized institution in neonatal ultrasound.
• Evidence that all of the cases have been signed off by a suitably qualified clinician (see above).
• A completed ASUM Neonatal Logbook Assessment for CCPU (neonatal) form available at http://www.asum.com.au/newsite/ Files/Documents/Education/CCPU/NewCCPU/6.%20Logbook%20Templates/Logbook%20Assessment%20checklists/ Assessment%20Checklist_2012%20Neonatal.pdf
The preference of the neonatal CCPU committee is that there should be direct supervision of learners by an accredited supervisor. If learners have problems finding a supervisor to sign off the logbook, the committee will be prepared to consider direct electronic submission of ultrasound scans to demonstrate competence.
Contd...
Neonatal abdominal ultrasound is very important in the diagnosis of renal and other congenital malformations as well as some infections and other conditions like necrotizing enterocolitis. 29 Besides that some birth injuries like adrenal gland hemorrhage. 30 Use of ultrasound in the diagnosis of the developmental dysplasia of the hip (DDH) in neonates is still controversial. There is still insufficient evidence to give clear recommendations for practice. 31 There is inconsistent evidence that universal ultrasound results in a significant increase in treatment compared to the use of targeted ultrasound or clinical examination alone. 31 Neither of the ultrasound strategies have been demonstrated to improve clinical outcomes including late diagnosed DDH and surgery. 31 The studies are substantially underpowered to detect significant differences in the uncommon event of late detected DDH or surgery. 31 For infants with unstable hips or mildly dysplastic hips, use of delayed ultrasound and targeted splinting reduces treatment without significantly increasing the rate of late diagnosed DDH or surgery. 31, 32 Respiratory distress syndrome due to hyposurfactosis is still one of the most severe and most frequent morbidity in premature infants causing severe mortality. 33 The diagnosis of the condition rely mainly on thoracic X-ray, while the role of usltrasound is increasing. [34] [35] [36] Ultrasound-guided umbilical catheter placement is a faster method to place catheters requiring fewer manipulations and X-rays when compared with conventional catheter placement, although it is still not widely used due to the lack of proper training. 37 Real-time ultrasound could be used to place a peripherally inserted central catheter (PICC). This method of placement of PICC reduces catheter insertion duration, and is associated with fewer manipulations and radiographs when compared with conventional placement. 38 Ultrasound provides a noninvasive, portable method of assessing changes in subcutaneous adipose tissue and muscle accretion and appears sufficiently sensitive to detect influences of macronutrient intakes on accretion rates in preterm infants from birth. 39 The method warrants further investigation as a bedside tool for measuring body composition of preterm infants.
39
CONCLUSION
From the beginning of its use in neonatology, ultrasound is used more frequently and for many indications. Number of indications is increasing from year to year, while the training opportunities and curricula are not following the same trend. Nowadays ultrasound has been used for determination of functional hemodynamics in critically sick neonates which increases educational burden on the young neonatologists. This only applies to the developed countries where neonatology is well developed, while in low-income so called developing countries some basic health problems of neonates have not been solved and there is substantial lack of health care professionals and equipment as well.
